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Fisheries Reliant on Aquifers: When
Groundwater Extraction Depletes
Surface Water Flows
By PAUL STANTON KIBEL* &JULIE GANTENBEIN**
I. A Hidden Connection: SGMA Groundwater Plans, Surface
Flows, and Fisheries
IN CALIFORNIA, surface waters have historically been regulated as if
they were unconnected to groundwater.' Yet in reality, surface waters
and groundwater are often hydrologically connected.2 Many of the riv-
ers that support fisheries such as salmon and trout are hydrologically
dependent on tributary groundwater to maintain instream flow. 3 This
means that when there is intensive pumping of tributary groundwater,
the result can be reductions in instream flow and damage to fisheries.
For this reason, stakeholders concerned with adequate instream flows
for fisheries in California's rivers, streams, and creeks need to be ef-
fectively engaged in the implementation of California's Sustainable
Groundwater Management Act ("SGMA").4
Consider the Scott River, a part of the larger Klamath River Basin,
in Northern California. Nearby groundwater contributes to the Scott
* Professor of Water Law PC, Golden Gate University School of Law and attorney in
private practice.
** Attorney in Private Practice. The views and opinions expressed in this Article are
the authors' own and do not necessarily reflect the official policy or position of their
employers or any other entity.
1. CA Water Law Symposium: Questions of Common Supply: SGMA Requirements for Inter-
connected Surface Water and Groundwater, MAVEN'S NOTEBOOK (June 19, 2019), https://
mavensnotebook.com/2019/06/19/ca-water-law-symposium-questions-of-common-supply-
sgma-requirements-for-interconnected-surface-water-and-groundwater/ [https://
perma.cc/34XC-473E]; CAL. WATER CODE § 1200 (West 2019).
2. Id.; See generally CAL. CODE REGs. tit. 23, § 354.14 (2019).
3. See generally Alletta Belin, Guide to Compliance with California's Sustainable Ground-
water Management Act (2018), https://stacks.stanford.edu/file/druid:kx058kk6484/Woods
%20Groundwater%2OMgmt%20Act%20Report%20v06%20WEB.pdf [https://perma.cc/
5EFE-ASTJ]. See infra p. 481 and note 42.
4. See CAL. WATER CODE §§ 10720-10737.8 (West 2016).
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River.5 When high volumes of groundwater are extracted from nearby
wells, it depletes the Scott River's instream flow, which negatively im-
pacts fish in the river.6 As discussed further in Section VI of this Arti-
cle, this practice has prompted litigation over the application of
California public trust law to groundwater extraction affecting Scott
River instream flows, and it has led to efforts to use SGMA to ensure
that groundwater pumping near the Scott River is compatible with the
instream flow needs of fisheries.7 Situations similar to the Scott River
surface and groundwater basin are unfolding throughout California.8
Over time, groundwater pumping has had a significant impact on
surface water flows in the state. Research by Maurice Hall of the Envi-
ronmental Defense Fund, utilizing the California Department of
Water Resources' Central Valley Groundwater Surface Flow Model,
provides a sense of the magnitude of the problem.9 In a May 2018
presentation, Hall reported:
What the model showed us is that early in the 1900s, the 1940s and
50s, the Sacramento River received a net inflow from the ground-
water of something like 1 [million-acre feet] a year . . . . [S]ince
that time, the groundwater levels have gone down, and the amount
of water that has flowed into the Sacramento River from the sur-
rounding groundwater has gone down accordingly to the point
that when we were doing this modeling around 2010, it appeared
that on average, the Sacramento River lost just about as much as it
gained from the surrounding groundwater in the valley floor. This
is the Sacramento River and all of its tributaries upstream of the
Sacramento. So the net effect over that period is there was roughly
on average 900,000 acre-feet per year less water showing up in the
Sacramento River at Sacramento.10
5. Envtl. Law Found. v. State Water Res. Control Bd., 237 Cal. Rptr. 3d 393, 397-98
(Cal. Ct. App. 2018), review denied (Nov. 28, 2018).
6. Id.
7. PAUL S. KIBEL & JULIE GANTENBEIN, RIVERS THAT DEPEND ON AQUIFERS: DRAFTING
SGMA GROUNDWATER PLANS WITH FISHERIES IN MIND (2018), https://digitalcom-
mons.law.ggu.edu/cgi/viewcontent.cgi?article=1848&context=pubs [https://perma.cc/
JR46-QDYP].
8. See, eg., id. at 1-5.
9. See Chris Austin, Sustainable Groundwater Management: Can California Successfully In-
tegrate Groundwater and Surface Water Under SGMA?, MAVEN'S NOTEBOOK (May 16, 2018),
https://mavensnotebook.com/2018/05/16/sustainable-groundwater-management-can-
california-successfully-integrate-groundwater-and-surface-water-under-sgma/ [https://
perma.cc/J3XN-7MKA/] (reporting on the presentations by Maurice Hall and Kevin
O'Brien at the 2018 Anne J. Schneider Memorial Lecture Series).
10. Id.
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SGMA was enacted in 201411 and required a groundwater sus-
tainability agency to be designated for each groundwater basin in Cali-
fornia by June 2017.12 Groundwater sustainability agencies in high
and medium priority basins must prepare and adopt a Groundwater
Sustainability Plan ("SGMA Groundwater Plan") by 2020 if the basin is
deemed to be in a critical state of overdraft,13 or by 2022 for all re-
maining high and medium priority basins.14 Each SGMA Ground-
water Plan must detail how the groundwater basin will be managed to
avoid overdraft conditions and adverse impacts on hydrologically con-
nected surface waters,15 which are crucial for fisheries.
Although groundwater sustainability agencies and fishery stake-
holders may recognize the groundwater-surface water connection, it
needs to be addressed in SGMA Groundwater Plans.16 At present,
there is limited guidance on how this should be accomplished. There--
fore, the question is: What are the specific types of information, mod-
eling, monitoring, and pumping provisions that should be included in
SGMA Groundwater Plans to ensure groundwater extraction does not
cause adverse impacts to fisheries? The purpose of this Article is to
provide such guidance.
There are six key takeaways from this Article.
First, when dealing with the impacts of groundwater pumping on
surface flows that support fisheries, the temporal focus is different
than when dealing with efforts to manage groundwater as a reliable
supply for agricultural or residential use. With fisheries, the necessary
temporal focus is on whether groundwater extractions impacting in-
stream flow occur when fish have specific flow demands, not whether
the groundwater table can be maintained on average at sustainable or
safe levels over the long-term.'7
11. SGMA is a three-bill legislative package signed into law by Governor Brown on
September 16, 2014. 2014 Cal. Legis. Serv. Ch. 346 (S.B. 1168) (West); 2014 Cal. Legis.
Serv. Ch. 347 (A.B. 1739) (West); 2014 Cal. Legis. Serv. Ch. 348 (S.B. 1319) (West).
12. 2014 Cal. Legis. Serv. Ch. 348 (S.B. 1319) (West). The code was revised to imple-
ment a plan by 2020. CAL. WATER CODE § 10720.7(a) (West 2016).
13. Critically Overdrafted Basins, CAL. DEPT. WATER REs., https://water.ca.gov/Pro-
grams/Groundwater-Management/Bulletin-1 18/Critically-Overdrafted-Basins [https://
perma.cc/AY9B-QK5N] ("Overdraft occurs where the average annual amount of ground-
water extraction exceeds the long-term average annual supply of water to the basin.").
14. CAL. WATER CODE § 10720.7(a) (West 2016).
15. See CAL. CODE REGs. tit. 23, § 350.4 (2019); CAL. WATER CODE § 10721 (West
2016).
16. See generally CAL. CODE REGs. tit. 23, § 350.4; CAL. WATER CODE § 10720.7(a).
17. See WILLIAM M. ALLEY ET AL., U.S. GEOLOCICAL SURVEY CIRCULAR 1186: Sus-
TAINABILITY OF GROUND WATER RESOURCES 3-35 (1999), https://pubs.usgs.gov/circ/
circ1186/pdf/circll86.pdf [https://perma.cc/A79H-6JCT] ("Pumping-induced changes
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Second, when it comes to evaluating the impacts of groundwater
pumping on fisheries, the lateral location of wells matter. This is be-
cause pumping from groundwater wells often creates a "cone of de-
pression" around the wellhead, which can turn aquifers that once
contributed to surface waters into aquifers that drain surface waters
and reduce instream flows.18 By contrast, the particular lateral loca-
tion of groundwater wells is not as important to evaluating the poten-
tial overdraft of aquifers. Rather, from a groundwater supply
perspective, what is most pertinent is the total amount of groundwater
pumped from the aquifer, which is a function of the number, depth,
and pumping rates of wells.
Third, while the temperature of water in aquifers is not usually
relevant in determining safe yield or preventing overdraft, water tem-
perature may be pertinent in determining impacts to fisheries and
stream habitat. This is because many fisheries (such as salmon and
steelhead) require colder instream temperatures, and instream water
temperature is linked to the temperature of groundwater that is tribu-
tary to surface streams.19
Fourth, the existence of complete data about surface stream
flows, surface flows to support fisheries, and the precise dynamics of
the groundwater-surface-water connection are not prerequisites to ad-
dressing surface water impacts in SGMA Groundwater Plans. SGMA
calls for plans to be based on the "best available science," not perfect
information.20 Groundwater sustainability agencies can make hydro-
logically credible assumptions about the impacts of groundwater
pumping on instream flows in nearby surface waterways, use regres-
sion models to determine flows in a particular river reach based on
existing flow data upstream and ownstream of the reach, and gain a
general understanding of fishery needs based on existing data and
scientific literature.21 Thus, while additional monitoring may provide
useful data to improve how SGMA Groundwater Plans can prevent
adverse impacts on surface flows and fisheries from groundwater
pumping, the absence of complete data is not a proper basis for
in the flow direction to and from streams may affect temperature, oxygen levels, and nutri-
ent concentrations in the stream, which may in turn affect aquatic life in the stream.").
18. PAUL M. BARLOw & STANLEY A. LEAKE, U.S. GEOLOGICAL SURVEY CIRCULAR 1376:
STRFAMFLOw DEPLETION BY WELLS-UNDERSTANDING AND MANAGING THE EFFECTS OF
GROUNDWATER PUMPING ON STREAMFLOW 11-12 (2012), https://pubs.usgs.gov/circ/1376/
pdf/circl376_barlow-report 508.pdf [https://perma.cc/VMQ8-D8DR].
19. Id. at 35; infra p. 481.
20. CAL. CODE REGs. tit 23, §§ 351(h), 354.14 (2016).
21. § 354.18.
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groundwater sustainability agencies to omit or defer the inclusion of
substantive provisions to protect fisheries in SGMA Groundwater
Plans.
Fifth, California public trust law applies to surface water flows
that support fisheries as well as groundwater pumping that reduces
those surface water flows. Thus, SGMA Groundwater Plans that are
intended to manage pumping from tributary groundwater to surface
waters that support fisheries must be consistent with SGMA and Cali-
fornia public trust law.
Sixth, SGMA Groundwater Plans are subject to the review and
approval of the California Department of Water Resources ("DWR").
The DWR can potentially play an important role in ensuring that
SGMA Groundwater Plans include water budgets, hydrological mod-
els, quantitative thresholds, mitigation measures, and monitoring sys-
tems to ensure groundwater extraction does not have significant
adverse impacts on fisheries. The DWR can play this role by refusing
to approve SGMA Groundwater Plans that lack such components and
provisions.
This Article explains why these are important considerations, and
how they can be incorporated into the substantive and procedural as-
pects of SGMA Groundwater Plans to ensure such plans are protective
of fisheries. Although the focus of this Article is on fisheries, the infor-
mation and analysis contained herein may also be useful in drafting
provisions of SGMA Groundwater Plans that address the more general
question of how groundwater pumping can affect other beneficial
uses of surface waters.
II. The Connection Has Been There All Along: California
Water Law Terminology and Hydrologic Reality
SGMA is part of the larger body of California water law. One of
the key distinctions in California water law is the difference in regula-
tion of surface water and groundwater.22
In California, surface water use is regulated pursuant to the twin
doctrines of riparian water rights and appropriative water rights.2 3
Since 1914, the State Water Resources Control Board ("State Water
22. CA. WATER CODE § 10721(g) (West 2019) ("'Groundwater' means water beneath
the surface of the earth within the zone below the water table in which the soil is com-
pletely saturated with water, but does not include water that flows in known and definite
channels unless included pursuant to Section 10722.5.").
23. Pleasant Valley Canal Co. v. Borror, 72 Cal. Rptr. 2d 1, 7-8 (Cal. Ct. App. 1998).
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Board") has issued all appropriative water rights.2 4 Use of ground-
water in California, however, is subject to a different set of legal doc-
trines-overlying and non-overlying groundwater rights-and is
generally not subject to the appropriative permitting authority of the
State Water Board.2 5 The exception to this rule is found in the State
Water Board's assertion of permitting authority over certain "subterra-
nean" waters located in close proximity to surface waters, although the
precise scope and limits of this permitting authority over such subter-
ranean waters has been subject to longstanding debate.2 6
In 2002, the late Professor Joseph Sax, a leading authority on Cal-
ifornia water law, completed a report assessing the State Water
Board's permitting authority over groundwater and subterranean wa-
ters.2 7 Professor Sax's 2002 report included the following framework
for evaluating the ways SGMA Groundwater Plans should consider im-
pacts on surface waters:
My analysis reveals that the legislative purpose [of granting the
State Water Board permitting authority over subterranean water in
close proximity to surface waters] was to protect the permitting au-
thority of the permitting agency's jurisdiction over surface stream
adjudications by preventing unpermitted taking of groundwater
that appreciably and directly affects surface stream flows. The con-
cern was essentially to close a loophole that would have been left if
any taking of water from a subsurface location would leave the per-
mitting agency powerless in the face of wells or tunnels that were
effectively underground facilities for withdrawing stream water.
Professor Sax continues:
My conclusion is that the legislation was designed to create an im-
pact test (impact of pumping on surface stream flows) rather than
seeking to identify a physical entity with a specific shape despite
the conventional "subterranean stream" language the law picked
up from the old treaties. I conclude that a test designed to identify
appreciable and direct impact of groundwater diversion on surface
streams represents a more faithful implementation of the legisla-
tive purposes than any catalog of physical characteristics.28
Professor Sax intended the "impact test" to define the reach of
the State Water Board's permitting authority over groundwater pump-
24. Light v. State Water Res. Control Bd. , 173 Cal. Rptr. 3d 200, 209 (Cal. Ct. App.
2014).
25. City of Barstow v. Mojave Water Agency , 99 Cal. Rptr. 2d 294, 304-05 (Cal. Ct.
App. 2000).
26. WATER § 1200.
27. See JoSPEH L. SAx, REVIEW OF THE LAWS ESTABLISHING THE SWRCB's PERMITTING
AUTHORITY OVER APPROPRIATIONS OF GROUNDWATER CLASSIFIED AS SUBTERRANEAN STREAMS
AND THE SWRCB's IMPLEMENTATION OF THOSE LAWS 1 (2002).
28. Id. at 7.
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ing.29 The "impact test" was based on the premise that, to effectively
regulate surface water, the State Water Board needed permitting au-
thority over pumping that directly reduced surface water flows.
3 0
Professor Sax's reasoning and proposed "impact test" applies with
equal force in the context of SGMA Groundwater Plans, only in a dif-
ferent way. For an SGMA Groundwater Plan to effectively regulate
groundwater resources, it must include information that explains the
surface-groundwater interaction at pumping locations, addresses how
this interaction affects fish that are present, and sets forth measures to
mitigate adverse impacts.
The "impact test" is consistent with the approach taken by the
California Supreme Court in its 1909 decision in Hudson v. Dailey.3 1 As
water rights attorney Kevin O'Brien explained in a May 2018 presenta-
tion, the California Supreme Court held in Hudson v. Dailey that when
groundwater is tributary to surface waters, the two sources need to be
viewed as a "common supply."32 O'Brien explained:
Mrs. Hudson sued the groundwater pumpers and basically said,
I'm riparian, I have a paramount right, you groundwater pumpers,
you have to curtail . . . . And the California Supreme Court ulti-
mately said no, in this situation these are overlying landowners and
they have overlying rights, you are a riparian and you have a ripa-
rian right, so you essentially stand on equal footing from a water
rights standpoint, and we're going to take all that groundwater and
surface water and put it together and we're going to determine
water rights as a common supply. So while California does have
separate water rights systems for groundwater and surface water, I
think this concept of the common supply rule is going to be more
and more prominent as we move forward and will remain relevant
to issues that will arise under SGMA.33
In his 2002 law review article, We Don't Do Groundwater; A Morsel of
California Legal History, Professor Sax also considered the inequities of
requiring surface water diverters to comply with fishery bypass flow
requirements, but allowing groundwater extraction to occur with no
regard for bypass flow impacts:
While California has a system in place that averts crisis and system
collapse, it continues to suffer a variety of dysfunctional results
growing out of a system that is at odds with hydrologic reality. One
example that has drawn a good deal of attention recently arises
from assertions that groundwater pumpers are depriving streams
29. Id.
30. Id. at 7-8.
31. Hudson v. Dailey, 105 P. 748, 752-53 (Cal. 1909).
32. Austin, supra note 9.
33. Id.
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UNIVERSITY OF SAN FRANCISCO LAW REVIEW
of water needed to meet downstream environmental flow require-
ments, even though regular surface water users are meeting the
bypass flow requirements that have been imposed on them.3 4
In this sense, SGMA's mandate to address the impacts of ground-
water pumping on surface waters is not necessarily new from a con-
ceptual or policy standpoint. Professor Sax's 2002 law review article
made clear that it has long been understood and recognized that
groundwater pumping can reduce surface flows, and as early as 1909,
the California Supreme Court acknowledged there were times when
groundwater and surface water formed a common supply.3 5 Moreo-
ver, Professor Sax recognized it was fair that groundwater pumpers
impacting surface water flows be subject to bypass flow requirements
just like direct surface water diverters.3 6 Under SGMA, this intercon-
nection and these common supply and fairness concerns must now be
addressed explicitly and meaningfully in SGMA Groundwater Plans.
[I. Picturing the Connection: Aquifers, Gaining Streams,
Losing Streams, and Flows for Fisheries
To understand the potential impact of groundwater pumping on
surface waters and fisheries, it is helpful to first picture the ways
groundwater and surface water interact and become familiar with
some of the common terminology. One of the key conceptual distinc-
tions involved in groundwater-surface water interaction is the distinc-
tion between "gaining streams/reaches" and "losing streams/
reaches." A gaining stream/reach is one that receives water from sub-
terranean aquifers.3 7 In contrast, a losing stream/reach is one where
surface flows are lost or drained into an aquifer.38
Whether a surface stream/reach is "gaining" or "losing" depends
on the respective elevations of the groundwater and surface water in-
volved.3 9 This means that the status of surface water as "gaining" or
"losing" is not static or fixed but is subject to intra-annual and inter-
annual variation.4 0 That is, during a period when the groundwater
table in an aquifer is higher and surface flows are lower, the surface
water may be gaining; but during a period when the groundwater ta-
34. Joseph Sax, We Don't Do Ground Water: A Morsel of California Legal History, 6 U.
DENVER WATER L. REV. 269, 271 (2002).
35. See SAx, supra note 27.
36. Sax, supra note 34.
37. BARLow & LA.KE, supra note 18, at 6.
38. Id.
39. Id. at 6-7.
40. Id. at 7.
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ble in an aquifer is lower and surface flows are higher, the surface
water may be losing. During periods when there is simultaneously in-
tensive groundwater pumping (e.g., in late summer when irrigation
needs are highest) and reduced surface flows, an otherwise gaining
stream/reach can become a losing one.41
It is also important to understand that, along a particular surface
watercourse, there may be some reaches where it is a gaining stream
and other reaches where it is a losing stream. Whether the reach is
gaining or losing depends on the proximity of and connection be-
tween the groundwater and surface water and the respective eleva-
tions of the groundwater table and the surface water.
As discussed further in this Article, the concept of gaining and
losing streams and reaches presents particular challenges for develop-
ing hydrologic models, water budgets, monitoring programs, and
pumping provisions in the context of SGMA Groundwater Plans.
There is also the question of how the relative contributions of
surface water and groundwater affect fish habitat parameters. For in-
stance, water temperature is a critical habitat component for cold-
water fish, such as salmon and steelhead.42 Chinook salmon eggs incu-
bate most successfully at temperatures below fifty-five degrees Fahren-
heit and experience increased mortality and negative sub-lethal effects
as water temperatures rise.43 Importantly, instream temperatures tend
to rise when ambient air temperatures rise (e.g., late summer) and
whenever ambient conditions allow increased sunlight penetration
(e.g., unshaded areas).44 Even when higher ambient air temperatures
raise the temperature of surface waters, the temperature of ground-
water tends to remain stable and cooler.45 Therefore, if groundwater
is tributary to surface waters, the influx of cooler groundwater tends
to keep instream surface waters cooler-a dynamic that is particularly
important for cold-water fish in late summer/early fall when ambient
air temperatures tend to be warmer.4 6
41. See id. at 21.
42. See Paul S. Kibel, A Salmon Eye Lens on Climate Adaptation, 19 OCEAN& COASTAL L.J.
65 (2013).
43. Id. at 69, 80; See also DOUG OBEGI ET AL., NAT'L RES. DEF. COUNCIL, FISH OUT OF
WATER: How WATER MANAGEMENT IN THE BAY-DELTA THREATENS THE FUTURE OF CALIFOR-
NIA'S SALMON FISHERY 15 (2008).
44. Kibel, supra note 42, at 74-75.
45. U.S. GEOLOGICAL SURVEY, USING TEMPERATURE TO STUDY STREAM-GROUND WATER
EXCHANGES (2004).
46. CHRISTINE E. TORGERSEN ET AL., ENVTL. PROT. AGENCY, PRIMER FOR IDENTIFYING
COLD-WATER REFUGES TO PROTECT AND RESTORE THERMAL DIVERSITY IN RIVERINE LAND-
SCAPES 17 (2012); see generally Kibel, supra note 42.
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As another example, anadromous fish such as salmon and steel-
head migrate at particular times of the year, and their need for sur-
face flows is more acute during these seasonal migration periods .47 To
protect and restore spring and fall runs of salmon and steelhead, the
State Water Board has conditioned water rights on bypass flow re-
quirements and placed restrictions on diversions for certain water
year types.48
As a final illustration, to escape warm summer and early fall tem-
peratures on mainstem of rivers, migrating salmon and steelhead
often retreat from the exposed mainstem into smaller, shaded tribu-
tary creeks until mainstem temperatures have declined.4 9 In this way,
fish use tributary creeks as "cold-water refuges" (sometimes also re-
ferred to as thermal refugia) to escape warmer mainstem waters.5 0
However, these tributaries only provide suitable refugia for fish
migrating during summer/early fall if flows are sufficient to maintain
connectivity with the mainstem-otherwise, fish are isolated and
trapped within the creeks.5' Connectivity between the mainstem and
cold-water refuges can be lost due to increased groundwater pumping
near tributary creeks in the late summer/early fall (a period of high
irrigation demand), and groundwater pumping can transform a gain-
ing reach into a losing reach and turn tributary creeks into isolated
ponds.52
To assess and mitigate the impacts of groundwater pumping on
fisheries, groundwater sustainability agencies need to consider the
availability of suitable habitat (including what constitutes suitable
habitat) and the ability of fish to access that habitat at appropriate
times of the year. This requires robust hydrologic models, water budg-
ets, monitoring systems, and groundwater pumping provisions that
consider the biological and physical needs of fish. The good news is
that there are tested and readily available methods to address these
factors related to the groundwater-surface water connection and fish-
eries impacts, as well as methods for incorporating these factors into
47. OBEGI, supra note 43, at 14.
48. CAL. ENVTL. PROTECrION AGENCY Div. OF WATER RIGHTS, POLICY FOR MAINTAINING
INSTREAM FLOWS IN NORTHERN CALIFORNIA 4 (2014), https://www.waterboards.ca.gov/
waterrights/waterjissues/programs/instream flows/docs/adoptedpolicy.pdf [https://
perma.cc/YHH8-E3SP].
49. TORGERSEN ET AL., supra note 46, at 1, 6, 16, 17.
50. See id. (describing cold-water refuges and explaining how cold-water refuges can
change in size and what drives the change in size-drivers including groundwater inflow).
For a definition of cold-water refuge, see also id. at 5.
51. OBEGI, supra note 43, at 15.
52. See TORGENSEN ET AL., supra note 46; BARLOW & LEAKE, supra note 18, at 1.
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SGMA Groundwater Plans.5 3 To do this effectively, groundwater sus-
tainability agencies will need to understand both the spatial and tem-
poral impacts that groundwater pumping has on instream flows, as
well as the instream conditions protective of fish species in their basin.
The United States Geological Survey Circular 1376, titled Stream-
flow Depletion by Wells-Understanding and Managing the Effects of Ground-
water Pumping on Streamflow ("USGS Circular 1376"), provides
guidance on how to analyze and model groundwater pumping-surface
water flow interactions in SGMA Groundwater Plans.54 USGS Circular
1376 provides a catalog of scientifically-accepted programs and meth-
odologies that can be used to determine the impact of groundwater
pumping on surface stream flows, which in turn can be relied upon to
manage groundwater pumping and avoid significant adverse impacts
on surface stream flows and the fisheries that depend on such flows. 5 5
The USGS Circular 1376 describes the interaction between ground-
water pumping and surface water flows at the outset:
One of the primary concerns related to the development of
groundwater resources is the effect of groundwater pumping on
streamflow. Groundwater and surface-water systems are connected,
and groundwater discharge is often a substantial component of the
total flow of a stream. Groundwater pumping reduces the amount
of groundwater that flows to streams and, in some cases, can draw
streamflow into the underlying groundwater system. Streamflow re-
ductions (or depletions) caused by pumping have become an im-
portant water-resource management issue because of the negative
impacts that reduced flows can have on aquatic ecosystems.5 6
USGS Circular 1376 provides guidance on ways to model and
quantify groundwater pumping-surface water flow interactions, which
can be useful in setting pumping schedules:
[P]umping schedules vary with time, either in response to chang-
ing water-supply demands or for maintenance and overall opera-
tion of the water-supply system. Pumping schedules can vary on
hourly and daily bases in response to short-term fluctuations in de-
mands and over longer-term cycles in response to factors as sea-
sonal and annual climate variability and irrigation demands.57
53. See TORGENSEN ET AL., supra note 46.
54. BARLow & LEAKE, supra note 18.
55. Id. at iii.
56. Id. at 1.
57. Id. at 26. For example:
The most common way to describe streamflow depletion has been to report the
change in the instantaneous flow rate of the stream, which is expressed in units of
volume of streamflow per unit of time, such as cubic feet per second . . . . A
related approach is to report the rate of stream-flow depletion as a fraction of the
pumping rate of the well, which is a dimensionless quantity . ...
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USGS Circular 1376 goes on to explain traditional groundwater
management concepts, such as overdraft avoidance, but these con-
cepts may not be appropriate benchmarks for determining ground-
water pumping's impacts on surface flows and fisheries.58 This is
because the concept of overdraft avoidance focuses on a particular
variable-maintaining the groundwater table over the long-term. The
groundwater management objective of overdraft avoidance does not
capture the seasonal or year-to-year (e.g., drought) impacts of ground-
water pumping on surface stream flows, in which the periodic/short-
term combination of low surface flows and increased groundwater
pumping can have devastating adverse impacts on fisheries. As USGS
Circular 1376 notes: "There has been a tendency in parts of the
United States to view groundwater development in an aquifer to be
'sustainable' or 'safe' when the overall rate of groundwater extraction
does not exceed the long-term average rate of recharge to the
aquifer."5 9
Given SGMA's mandate that groundwater plans evaluate and ad-
dress impacts on fisheries, not just long-term maintenance of the aqui-
fer, we need to rethink what "sustainable" and "safe" groundwater
pumping means.
Fortunately, there are programs, methodologies, and software
available that allow groundwater sustainability agencies to address the
correlation between reduced surface water flows and impacts on fish-
eries in SGMA Groundwater Plans. For instance, in the case of surface
stream flow and temperature impacts on salmon, many agencies and
fishery scientists in California now rely on SALMOD software, which
was initially developed by the United States Geological Survey in 1994
to address stream flow impacts on salmon in the Klamath River-Trinity
River watershed in Northern California. As explained in a 2004 article
by USGS Fishery BiologistJohn M. Bartholow, Modeling Chinook Salmon
with SALMOD on the Sacramento River, California, "SALMOD is a com-
puter model that simulates the dynamics of freshwater salmonid
populations."6 0 It is premised on the assumption that physical habitat
components, specifically flow dependent micro-habitat and water tem-
Id. at 16.
58. See generally id.
59. Id. at 39.
60. John M. Bartholow, Modeling Chinook Salmon with SALMOD on the Sacramento River,
California, 1 HYDROCCOLOGIE APPLIQUfE 193, 196 (2004).
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perature, are the principal factors limiting the freshwater production
of fish.61
In addition to SALMOD, California water managers and fishery
biologists sometimes rely on the Interactive Object-Oriented Simula-
tion Model ("IOS Model") to evaluate the impact of surface water
flows and surface water temperatures on fisheries such as salmon and
steelhead.62 In a 2012 article by Steven C. Zueg et al., titled Application
of a Life Cycle Simulation Model to Evaluate Impacts of Water Management
and Conservation Actions on an Endangered Population of Chinook Salmon,
the authors explain how life cycle models like the IOS Model work,
essentially relying on laboratory studies and other sources of data, "to
dynamically simulate responses of populations across multiple life
stages to changes in environmental variables or combinations of envi-
ronmental variables at specified times and locations."63
Moreover, in cases where groundwater pumping causes surface
waters to dry altogether at times when fish are (or may be) present,
reliance on SALMOD and the IOS Model is unnecessary to determine
that there are significant adverse impacts on fisheries otherwise pre-
sent in these areas. The complete disappearance of surface waters to
groundwater pumping, by itself, renders these dewatered reaches un-
suitable for fish (because fish need water) and results in a loss of con-
nectivity for fish migrating up or down the waterway.
The availability of SALMOD and the IOS Model, which enable
groundwater sustainability agencies to model the effects of reduced
surface stream flow and changes in surface stream temperatures on
fish, makes it feasible for groundwater sustainability agencies to mean-
ingfully address the impacts of groundwater pumping on fisheries in
SGMA Groundwater Plans.
IV. Framing the Connection Under SGMA* Statute,
Regulations, and Guidance
Under SGMA, groundwater sustainability agencies are required
to prepare groundwater sustainability plans that establish the water
basin setting and describe how the agency will manage and use
groundwater "in a manner that can be maintained during the plan-
ning and implementation horizon without causing undesirable re-
61. Id. at 196, 198.
62. See Steven C. Zeug et al., Application of a Life System Simulation Model to Evaluate
Impacts of Water Management and Conservation Actions on an Endangered Population of Chinook
Salmon, 17 ENv-rL. MODELING ASSESSMENT 455 (2012).
63. Id. at 455-56.
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sults."" The definition of "undesirable result" includes "[d]epletions
of interconnected surface water that have significant and unreasona-
ble adverse impacts on beneficial uses of the surface water," as well as
the depletion of groundwater supply and degradation of water qual-
ity.65 Pursuant to the California Water Code, the "[p] reservation and
enhancement of fish, wildlife, and other aquatic resources or pre-
serves" are beneficial uses of water in California.6 6
A. SGMA Statutes and Regulations
Under SGMA, groundwater plans must contain certain elements,
including but not limited to:
(1) basic information about the groundwater sustainability
agency administering the plan and the area covered by the
plan;
(2) a description of the water basin setting and geographic area
covered by the plan;
(3) a description of existing and planned water resource moni-
toring and management programs and how the implementa-
tion of such programs may limit operational flexibility;
(4) a description of any conjunctive use programs in the basin;
(5) a description of land-use elements relevant to the basin, in-
cluding how the implementation of the plan may change the
water supply assumptions within those plans; and
(6) any additional elements (e.g., replenishment of groundwater
extractions, coordination with state and federal agencies,
and impacts on groundwater dependent ecosystems) the
groundwater sustainability agency deems appropriate.6 7
The basin setting is one of the key elements of an SGMA Ground-
water Plan. The setting serves "as the basis for defining and assessing
reasonable sustainable management criteria and projects and man-
agement actions."6 8 For this reason, an accurate description of the set-
ting-including data gaps and areas of uncertainty-is critical to the
success of any plan.
As part of defining the basin setting, each groundwater sus-
tainability agency is required to develop a "hydrogeologic conceptual
64. CAL. WATER CODE § 10721(v) (West 2016); CAL. CODE REGS. tit. 23, § 350.4
(2019).
65. WATER § 10721 (x) (6).
66. § 13050(f).
67. See § 10727.4; CAL. CODE REGS. tit. 23, §§ 354.2, 354.4, 354.8 (2016).
68. CAL. CODE REGS. tit. 23, § 354.12 (2016).
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model of the basin based on technical studies and qualified maps that
characterizes the physical components and interaction of the surface
water and groundwater systems in the basin."@6 In addition, the con-
ceptual model must describe the current and historical groundwater
conditions in the basin, including:
(1) groundwater elevation data;
(2) estimates of the change in groundwater storage annually and
cumulatively;
(3) any saltwater intrusion conditions;
(4) "groundwater quality issues that may affect the supply and
beneficial uses," such as fisheries of groundwater;
(5) extent, cumulative total and annual rate of any land
subsidence;
(6) "[i]dentification of interconnected surface water systems
within the basin and an estimate of the quantity and timing
of depletions of those systems"; and
(7) "identification of groundwater dependent ecosystems within
the basin . . . . "70
These hydrologic models and water budgets can then serve as the
foundation for the adoption of groundwater pumping provisions to
prevent depletion of surface water flows and prevent associated ad-
verse impacts on fisheries.
Given that SGMA represents the first time that groundwater will
be comprehensively regulated in California, the statute anticipates
gaps in existing monitoring data and understanding of the ground
and surface water interconnection.7 1 The statute adopts a best-availa-
ble-science standard for information relied upon in developing SGMA
Groundwater Plans.72 Best available science is defined as "the use of
sufficient and credible information and data, specific to the decision
being made and the time frame available for making that decision,
that is consistent with scientific and engineering professional stan-
dards of practice."73
There may be stakeholders that will resist the inclusion of specific
and quantitative limitations on groundwater pumping to avoid surface
stream depletion based on the claim that there is incomplete data to
support such limitations. This line of reasoning does not square with
69. § 354.14.
70. § 354.16.
71. §§ 354.14, 354.18.
72. § 354.14.
73. § 351(h).
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SGMA's grounding in best available science,7 4 or with the obligation
of groundwater sustainability agencies to adopt thresholds for ground-
water pumping to prevent continuing depletion of surface streams
and continuing harm to fisheries based on the information and data
that are available. Under SGMA, the quest for improved and more
complete underlying data on groundwater pumping impacts on sur-
face water flows and fisheries (which can be obtained through addi-
tional monitoring) is not a valid justification for delaying or avoiding
the adoption of thresholds and groundwater pumping conditions in
an SGMA Groundwater Plan to avoid the undesirable result of "deple-
tions of interconnected surface water."7 5
Groundwater models, such as MODFLOW and IWFM, 76 can help
bridge some of the gaps in existing data. Indeed, reliance on such
models will be critical in the management of groundwater systems7 7
and will be key to implementing SGMA. Groundwater models erve as
simplified versions of real-world systems. Such models can provide an
improved conceptual understanding of the system, including the es-
sential processes and properties influencing the system. They support
decision-making by facilitating the exploration of alternative manage-
ment actions and, when calibrated appropriately, can forecast short-
term and long-term changes to the groundwater system resulting from
management actions or changing environmental conditions.
As noted in a 2016 article by Tara Moran of the Stanford Univer-
sity Water in the West program, Projecting Forward -A Framework for
Groundwater Model Development Under the Sustainable Groundwater Man-
agement Act
Groundwater models in California are developed using predomi-
nantly two model codes. Of the respondents that reported model
codes, the [United States Geologic Survey's] MODFLOW and [Cal-
ifornia Department of Water Resources'] IWFM model codes ac-
count for more than 95 percent of the reported groundwater
models used across the state. The consistency in model codes used
across the state may aid in groundwater model coordination efforts
under SGMA. 78
74. § 354.14.
75. See generally §§ 354.14, 354.28.
76. See infra note 78.
77. See TARA MORAN, PROJECTING FORWARD: A FRAMEWORK FOR GROUNDWATER MODEL
DEVELOPMENT UNDER THE SUSTAINABLE GROUNDWATER MANAGEMENT Acr 3 (2016), https://
waterinthewest.stanford.edu/sites/default/files/Groundwater-Model-Report.pdf [https://
perma.cc/3YN3-FMSU].
78. TARA MORAN ET AL., FROM THE GROUND DowN: UNDERSTANDING LOCAL GROUND-
WATER DATA COLLECTION AND SHARING PRACTICES IN CALIFORNIA 10, 18 (2016).
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B. Best Management Practices for SGMA Groundwater Plans
In December 2016, DWR published a series of Best Management
Practices ("BMPs") to assist in the preparation of SGMA Groundwater
Plans.7 9 Some of these BMPs addressed techniques and considerations
related to how plans can prevent groundwater pumping causing sig-
nificant and unreasonable depletion of interconnected surface
waters.8 0
An important component of the basin setting is the water budget,
which the DWR Water Budget BMP defines as "an accounting and
assessment of the total annual volume of groundwater and surface
water entering and leaving the basin, including historical, current and
projected water budget conditions, and the change in the volume of
water stored.""' The DWR Water Budget BMP further provides:
The water budget shall quantify the following, either through di-
rect measurements or estimates based on data:
(1) Total surface water entering and leaving a basin by water
source type.
(2) Inflow to the groundwater system by water sources type,
including subsurface groundwater inflow and infiltration
of precipitation, applied water, and surface water systems,
such as lakes, streams, rivers, canals, springs and conveyance
systems.
(3) Outflows from the groundwater system by water use sector,
including evapotranspiration, groundwater extraction,
groundwater discharge to surface water sources, and subsurface
groundwater outflow.8 2
The DWR Water Budget BMP addresses the potential interplay of
groundwater pumping and stream depletion that must be included in
the water budget:
In basins with interconnected surface water systems, if inflows
(recharge) to the basin remain fixed while the amount of ground-
water extraction increases, the increased volume of groundwater
extraction, while initially resulting in a decline in the volume of
aquifer storage, will eventually be balanced by decreases in the
groundwater flow to springs, gaining streams, groundwater-depen-
dent ecosystems or an increase in discharge from losing streams.
79. See CAL. DEP'T OF WATER RES., BEST MANAGEMENT PRACTICES: FRAMEWORK BMP
(2016). For a list of the BMPs, see Best Management Practices and Guidance Documents, CAL.
DEP'T WATER RESOURCES, https://water.ca.gov/Programs/Groundwater-Management/
SGMA-Groundwater-Management/Best-Management-Practices-and-Guidance-Documents
[https://perma.cc/L6KR-VE5Z].
80. See, e.g., CAL. DEP'T OF WATER RES., BEST MANAGEMENT PRACTICES FOR THE SUSTAIN-
ABLE MANAGEMENT OF GROUNDWATER: WATER BUDGET BMP 3-5 (2016).
81. Id. at 13 (quoting CAL. CODE REGs. tit. 23, § 354.18(a) (2016)).
82. Id. at 17 (quoting CAL. CODE RECs. tit. 23, § 354.18(b) (2016)) (emphasis added).
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Shallow production wells in close proximity to surface water sys-
tems commonly capture flow directly from the surface water system
through induced recharge. Stream depletion associated with
pumping wells further removed from surface water systems is more
commonly the result of the indirect capture of groundwater flow
that would otherwise have discharged to the surface water system
sometime in the future. In both situations, streamflow depletion
will continue until a new equilibrium between the outflow associ-
ated with groundwater extraction and the inflow from surface
water depletion is established.83
The DWR Water Budget BMP describes the need for ongoing
monitoring to accurately characterize the interaction between
groundwater and surface waters and track changes in the water
budget over time:
The transition from storage depletion to stream depletion will af-
fect water budget accounting over time .... In many basins, stream
depletion due to groundwater extraction will continue for decades
prior to reaching a new equilibrium. Because of this transitional
process, a water budget based on "average conditions" will not re-
flect this slow and progressive change. It's also important to recog-
nize that water budget accounting during early stages of
groundwater basin development will have different storage and ba-
sin outflow values than water budget accounting for a later time
period, when the basin is approaching equilibrium .... To accu-
rately identify and evaluate the various inflow and outflow compo-
nents of the water budget, it is important to adequately
characterize the interaction between surface water and ground-
water systems through sufficient monitoring of groundwater levels
and streamflow conditions.84
The DWR Water Budget BMP states that models can be critical to
characterizing the water budget, especially in complex systems: "In ba-
sins with interconnected surface water systems or complex spatial and tem-
poral variations in water budget components, quantifying and
forecasting streamflow depletion and other water budget components
may be extremely difficult without the use of a numerical ground-
water and surface water model."85
The DWR Water Budget BMP instructs that inflow and outflow of
surface water is a mandatory element of the water budget:
Water budget components associated with the river and stream sys-
tem include the surface water entering (inflow) and leaving the
basin (outflow). The inflow and outflow of surface water to the ba-
sin is required to be annually quantified as a total annual volume in acre-
83. Id. at 5.
84. Id. at 6.
85. Id. at 13.
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feet per year (af/yr) according to the surface water body (name) and
the water sources type.86
In the context of drafting and implementing an SGMA Ground-
water Plan, the preparation of a water budget can present detailed
data regarding aquifer inflow and outflow that reveals tensions be-
tween statutory objectives, or undesirable results as defined under
SGMA.8 7 Undesirable results may include the reduction of surface
flows for fish that can result from intensive groundwater pumping in
late summer/drought years or the diminishment of agricultural uses
due to inadequate irrigation supply.88 Disclosure of undesirable re-
sults will enable groundwater sustainability agencies and other stake-
holders to make informed decisions. For instance, it may be that for
certain times of year (e.g., late summer) or under certain conditions
(e.g., drought), the need to maintain adequate surface flows for fish-
eries may take priority over groundwater as an irrigation supply. A
rigorous and robust water budget in an SGMA Groundwater Plan can
frame these competing uses and trade-offs in a way that allows for
more informed and transparent decision making.
Echoing the guidance provided by the DWR BMPs, the Union of
Concerned Scientists ("UCS") has stated that "water budgets" are an
"essential component" of an SGMA Groundwater Plan:
The water budget is a critical element of a GSP [Groundwater Sus-
tainability Plan]. Water budgets track a variety of important pieces
of information and can be used to help estimate a groundwater
basin's sustainable yield, the amount of water that can be drawn
out without causing an undesirable result .. .. A water budget is
like a household budget. It accounts for all of the water that enters
and leaves your groundwater basin, by category. Your sources of
income are inflows and your expenses are outflows.8 9
In addition to the DWR Modeling BMP and the DWR Water
Budget BMP Groundwater Plans, there is also a DWR BMP on Moni-
toring Networks and Identification of Data Gaps ("DWR Monitoring/
Data Gaps BMP").90 SGMA requires that each Groundwater Plan in-
clude monitoring protocols to assess progress in meeting the sus-
tainability goals established in the plan.9 1 Each groundwater
86. Id. at 19 (emphasis added).
87. CAL. CODE. REGS. tit. 23, § 354.18(c) (2016) (requiring quantification of inflows
and outflows and comparison of supply versus demand).
88. § 354.26.
89. UNION OF CONCERNED SCIENTISTs, GETrING INVOLVED IN GROUNDWATER: A GUIDE
TO CALIFORNIA'S GROUNDWATER SUSTAINABILITY PLANS 13 (2017).
90. See generally CAL. DEP'T OF WATER Rrs., supra note 79.
91. See CAL. CODE REGs. tit. 23, §§ 350.4, 354.24, 354.30 (2016).
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sustainability agency must develop a monitoring network capable of
collecting sufficient data to demonstrate short-term, seasonal, and
long-term trends in groundwater and related surface conditions.9 2
Each plan must also yield representative information about ground-
water conditions as necessary to evaluate plan implementation along
with specific monitoring network objectives.9 3 Agencies are to report
their monitoring data to DWR annually.9 4
The monitoring must be designed "to characterize the spatial and
temporal exchanges between surface water and groundwater, and to
calibrate and apply the tools and methods necessary to calculate de-
pletions of surface water caused by groundwater extractions."9 5 The
monitoring network also must be able to characterize:
(1) Flow conditions including surface water discharge, surface water
head, and baseflow contribution.
(2) Identifying the approximate date and location where ephem-
eral or intermittent flowing streams and rivers cease to flow, if
applicable.
(3) Temporal change in conditions due to variations in stream discharge
and regional groundwater extraction.
(4) Other factors that may be necessary to identify adverse impacts
on beneficial uses of the surface water.9 6
Further, each SGMA Groundwater Plan must describe the moni-
toring network and include:
(1) The information and criteria relied upon to establish and jus-
tify the minimum thresholds for each sustainability indicator. The
justification for the minimum threshold shall be supported by
information provided in the basin setting, and other data or
models as appropriate, and qualified by uncertainty in the un-
derstanding of the basin setting.
(6) Depletions of Interconnected Surface Water. The minimum
thresholds for depletions of interconnected surface water shall
be the rate or volume of surface water depletions caused by
groundwater use that has adverse impacts on beneficial uses of the
surface water and may lead to undesirable results. The minimum
threshold established for depletions of interconnected surface
water shall be supported by the following:
a. The location, quantity, and timing of depletions of intercon-
nected surface water.
b. A description of the groundwater and surface water model used




95. § 354.34 (emphasis added).
96. § 354.34(c) (6) (emphasis added).
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water and surface water model is not used to quantify sur-
face water depletion, the Plan shall identify and describe an
equally effective method, tool, or analytic model to accomplish
the requirements of this Paragraph.9 7
DWR Monitoring/Data BMP provides technical assistance "to aid
in the development of a monitoring network that is capable of provid-
ing sustainability indicator data of sufficient accuracy and quantity to
demonstrate that the basin is being sustainably managed."8 The BMP
also provides information "on how to identify and plan to resolve data
gaps to reduce uncertainty that may be necessary to improve the abil-
ity of the GSP to achieve the sustainability goals for the basin."9 9
The BMP further explains that monitoring is fundamental to ef-
fective implementation SGMA: "[E]ach GSP must include a sufficient
network that provides data that demonstrate measured progress to-
ward achievement of the sustainability goal for each basin. For this
reason, a sufficient network will need to be developed and utilized to
accomplish this component of SGMA." 100
The following components should be included in the establish-
ment of a monitoring network:
* Use existing stream gaging and groundwater level monitoring
networks to the extent possible.
* Establish stream gaging along sections of known surface water
groundwater connection.
* Establish a shallow groundwater monitoring well network to
characterize groundwater levels adjacent to connected streams
and hydrogeologic properties.
o Network should extend perpendicular and parallel to
stream flow to provide adequate characterization to con-
strain model development.
o Monitor to capture seasonable pumping conditions in vicinity-
connected surface water bodies.
* Identify and quantify both timing and volume of groundwater
pumping within approximately 3 miles of the stream or as appropri-
ate for the flow regime.10 1
This guidance in the DWR Monitoring/Data BMP suggests that,
when there are known or potential groundwater-surface water interac-
tions, the plan should include stream gage monitoring (both for vol-
97. § 354.28 (emphasis added).
98. CAL. DEPT OF WATER RES., BEST MANAGEMENT PRACTICES FOR THE SUSTAINABLE
MANAGEMENT OF GROUNDWATER: MONITORING NETWORKS AND IDENTIFICATION OF DATA GAPS
BMP 1 (2016).
99. Id.
100. Id. at 2.
101. Id. at 21 (emphasis added).
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ume and temperature to assess fishery-related impacts) of surface
waters that may be impacted by groundwater pumping.10 2 This stream
gage/temperature monitoring should be done on a seasonal rather
than annual basis to account for the ways seasonal groundwater pump-
ing and surface flow fluctuations affect surface water flows and
temperatures.
C. DWR Review and Approval of Proposed SGMA Groundwater
Plans
Under the Act, a groundwater sustainability agency must submit
its SGMA Groundwater Plan to the DWR for review to ensure the plan
contains the required elements'0 3 and "is likely to achieve the sus-
tainability goal for the basin covered by" the plan. 0 4 In evaluating
whether a plan is likely to achieve sustainability goals, DWR must spe-
cifically consider the following criteria:
(1) Whether the assumptions, criteria, findings, and objectives,
including the sustainability goal, undesirable results, mini-
mum thresholds, measurable objectives, and interim mile-
stones are reasonable and supported by the best available
information and best available science.
(2) Whether the Plan identifies reasonable measures and sched-
ules to eliminate data gaps.
(3) Whether sustainable management criteria and projects and
management actions are commensurate with the level of un-
derstanding of the basin setting, based on the level of uncer-
tainty, as reflected in the Plan.
(4) Whether the interests of the beneficial uses and users of
groundwater in the basin, and the land uses and property in-
terests potentially affected by the use of groundwater in the
basin, have been considered.
(5) Whether the projects and management actions are feasible
and likely to prevent undesirable results and ensure that the
basin is operated within its sustainable yield.
(6) Whether the Plan includes a reasonable assessment of over-
draft conditions and includes reasonable means to mitigate
overdraft, if present.
(7) Whether the Plan will adversely affect the ability of an adja-
cent basin to implement its Plan or impede achievement of
its sustainability goal.
102. Id.
103. See CAL. WATER CODE § 10727.2 (West 2015).
104. § 10733(a). DWR also will "evaluate whether a groundwater sustainability plan ad-
versely affects the ability of an adjacent basin to implement their groundwater sus-
tainability plan or impedes achievement of sustainability goals in an adjacent basin."
§ 10733(c).
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(8) Whether coordination agreements, if required, have been
adopted by all relevant parties ....
(9) Whether the Agency has the legal authority and financial re-
sources necessary to implement the Plan.
(10) Whether the Agency has adequately responded to comments
that raise credible technical or policy issues with the Plan. 05
DWR has two years from the date of submittal to complete its
evaluation of an SGMA Groundwater Plan.0 6 It may (1) approve the
plan, (2) identify the plan as incomplete and direct the groundwater
sustainability agency to correct the deficiencies by the statutory dead-
line or on a schedule approved by the Department (not to exceed 180
days from the date the Department issues the assessment), or (3) dis-
approve the plan as inadequate.1 07
DWR may find an SGMA Groundwater Plan is inadequate be-
cause it does not comply with the required contents for such a plan,
the substance of the plan is not likely to achieve the sustainability goal
for a basin, or the plan is incomplete and the groundwater sus-
tainability agency has not acted to correct the identified deficiencies
in a timely manner.0 8
Once a plan is approved, DWR is responsible for conducting
ongoing oversight to confirm that the plan "remains consistent with
the Act and . . . is being implemented in a manner that will likely
achieve the sustainability goal for the basin."'o9 DWR must "evaluate
approved Plans and issue an assessment a least every five years," based
in part on annual reports required to be submitted by the ground-
water sustainability agency.110 In determining whether a plan and its
implementation remain consistent with the Act, DWR must consider
whether the agency is still on track to achieve the sustainability goal
for the basin, despite any missed targets, and whether the agency is
diligently working to address data gaps identified in the plan."' DWR
has authority to request that the agency provide additional informa-
tion to inform the DRW's evaluation.1 2
DWR is not limited to five-year reviews; rather, it "may evaluate
the implementation of a Plan at any time to determine whether the
Plan is consistent with the objectives of the Act and in substantial com-
105. CAL. CODE RECS. tit. 23, § 355.4(b) (2019).
106. § 355.2(e).
107. Id.
108. § 355.2(e) (3).
109. § 355.6(a); CAL. WATER CODE § 10733.8 (West 2015).
110. CAL. CODE RECS. tit 23, § 355.6(b) (2019).
111. § 355.6(c).
112. § 355.6(e).
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pliance" with requirements for SGMA Groundwater Plans.' 13 Further,
a groundwater sustainability agency may submit a plan amendment to
DWR for review at any time.1 14
If an acceptable SGMA Groundwater Plan is not submitted and
approved by DWR, the State Water Board may designate a medium- or
high-priority basin as a "probationary" basin.'1 5 A probationary basin
may be subject to additional limitations on groundwater
extractions.11 6
The DWR's continuing obligation to evaluate the efficacy of plans
to meet the sustainability goals for the basin provides an opportunity
for stakeholders to analyze whether fishery resources are responding
as predicted to pumping restrictions and other measures intended to
alleviate the impacts of pumping on surface waters.
V. The Public Trust Connection with SGMA
Groundwater sustainability agencies' obligations to prepare
SGMA Groundwater Plans that address the impact of groundwater
pumping on surface flows and fisheries are based on a source of law
outside of SGMA and its implementing regulations-California public
trust law.' 17 The application of California public trust law has become
113. § 355.6(f) (emphasis added).
114. § 355.10(b).
115. CAL. WATER CODE § 10735.2(a) (West 2016).
116. See § 10735.2. The State Water Board has described its intervention in probation-
ary basins as follows:
Probationary Basin
If locals fail to form a GSA, fail to develop an adequate sustainability plan, or fail
to implement the plan successfully, the Board may designate the entire basin pro-
bationary. Anyone who extracts groundwater from a probationary basin must file
an extraction report with the State Water Board unless the Board decides to ex-
clude certain types of extractions. The Board may require the use of a meter to
measure extractions and reporting of additional information.
Interim Plan
The Board will allow local agencies time to fix the issues in the basin that led to
probation. If local agencies are unable to fix the deficiencies, the Board will de-
velop an interim plan to directly manage groundwater extractions. An interim
plan will contain corrective actions, a timeline to make the basin sustainable, and
a monitoring plan to ensure corrective actions are working.
State Intervention (The State Backstop), CAL. WATER BoARDs (last updated Dec. 23, 2019),
http://waterboards.ca.gov/water issues/programs/gmp/intervention.html [https://
perma.cc/MF97-X52G/].
117. Nat'l Audubon Soc'y v. Superior Court, 658 P.2d 709, 718 (Cal. 1983).
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apparent as a result of recent litigation involving groundwater pump-
ing in the Scott River Basin.'18
As noted in the introduction and described more fully below,
there is evidence that groundwater extraction from wells near the
Scott River depletes surface flows with adverse impacts on the salmon
present.'19 To address this situation, the Environmental Law Founda-
tion ("ELF") sued Siskiyou County and the State Water Board in Sac-
ramento County Superior Court under California public trust law.120
California public trust law applies to public trust resources (which in-
clude fisheries such as salmon) and public trust uses (which include
non-commercial fishing for salmon).121
In ELF v. Siskiyou County,122 the Sacramento County Superior
Court held California public trust law applies to groundwater that is
tributary to navigable surface waters such as the Scott River because it
contains public trust resources and supports public trust uses. Relying
on the California Supreme Court's 1983 National Audubon v. Superior
Court decision concerning the public trust, the court explained:
The public trust doctrine would prevent pumping directly out of
the Scott River harming public trust uses. So too under National
Audubon the public trust doctrine would prevent pumping a non-
navigable tributary of the Scott River harming public trust uses of
the river. The court finds no reason why the analysis of National
Audubon would not apply to the facts alleged here. The court thus
finds the public trust doctrine protects navigable waters from harm
caused by extraction of groundwater, where the groundwater is so
connected to the navigable water that its extraction adversely af-
fects public trust uses.1 23
The court also held that public trust obligations apply not only to
the State Water Board and other state agencies, but also to local gov-
ernments like Siskiyou County:
There is no conflict between authorizing the County to adopt a
groundwater management plan, and requiring it to comply with
the public trust doctrine. The public trust doctrine applies when
the extraction of groundwater harms navigable waters and the pub-
lic's use for trust purposes. If the County's issuance of well permits
118. Paul S. Kibel, California Rushes In-Keeping Water Instream Without Federal Law, 42
Wm. & MARY ENVTL. L. AND PoL'v Rv. 477, 509-13 (2018).
119. Envtl. Law Found. v. State Water Res. Control Bd., 237 Cal. Rptr. 3d 393, 397-98
(Cal. Ct. App. 2018).
120. See Envtl. Law Found. v. State Water Res. Control Bd., No. 34-2010-80000583, 2014
WL 8843074 (Cal. Super. July 15, 2014).
121. Nat'l Audubon Soc'y, 658 P.2d at 725-26.
122. Envtl. Law Found. v. State Water Res. Control Bd., No. 34-2010-80000583, 2014
WL 8843074 (Cal. Super. July 15, 2014).
123. Id. at *6.
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will result in extraction of groundwater adversely affecting the pub-
lic's right to use the Scott River for trust purposes, the County must
take the public trust into consideration and protect public trust
uses when feasible. Such a requirement does not conflict with the
County's discretion to decide whether or not to implement an
overall groundwater management plan.'2 4
Siskiyou County appealed the decision, arguing that the State
Water Board "has neither the authority nor the duty to consider how
the use of groundwater affects the public trust in the Scott River; nor
does the County have a public trust duty to consider whether ground-
water uses by new wells affect public trust uses in the Scott River."1 25
The court of appeal rejected these challenges and upheld the trial
court's decision.126
The court of appeal concluded that the public trust doctrine ap-
plies to groundwater extractions that adversely affect navigable water-
ways.1 2 7 In rejecting the county's arguments that the doctrine applied
to surface water diversions but not groundwater extractions, the court
stated: "[T]he dispositive issue is not the source of the activity, or
whether the water that is diverted or extracted is itself subject to the
public trust, but whether the challenged activity allegedly harms a nav-
igable waterway."128 It added: "National Audubon and its progeny rec-
ognize that government has a duty to consider the public trust interest
when making decisions impacting water that is imbued with the public
trust."'2 9
The court of appeal also concluded that enactment of SGMA did
not displace the public trust doctrine.3 0 It stated that, by its own
terms, SGMA did not comprehensively regulate groundwater, and it
certainly was not as comprehensive as the appropriative water rights
system. 13 It found that even if SGMA was deemed comprehensive, it
still would not displace the public trust doctrine:
National Audubon teaches the two systems can live in harmony. If
the expansive and historically rooted appropriative rights system in
California did not subsume or eliminate the public trust doctrine
in the state, then certainly SGMA, a more narrowly tailored piece
124. Id. at *8.
125. Envtl. Law Found. v. State Water Res. Control Bd., 237 Cal. Rptr. 3d 393, 399 (Cal.
Ct. App. 2018).
126. See id. at 403-04.
127. Id.
128. Id. at 403.
129. Id. at 404.
130. Id. at 408.
131. Id. at 407-08.
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of legislation, can also accommodate the perpetuation of the pub-
lic trust doctrine.13 2
In addition to the SGMA requirements for how Groundwater
Plans must address the impacts of groundwater extraction on surface
waters and fisheries, groundwater sustainability agencies may also be
required to take into account California public trust law. Following
the 2018 ELF v. State Water Board13 3 decision, it is clear groundwater
sustainability agencies have a separate fiduciary duty under the public
trust doctrine, independent of SGMA, to consider the impacts of
groundwater pumping that reduces the instream flow of navigable riv-
ers needed to maintain fisheries or other public trust uses.
For example, the Siskiyou County Flood Control and Water Con-
servation District is the groundwater sustainability agency designated
for the Scott River Valley Groundwater Basin.1 3 4 Over the next few
years, the district will prepare an SGMA Groundwater Plan that covers
groundwater wells that impact the Scott River's instream flow and
salmon fisheries.3 5 The district's preparation of the SGMA Ground-
water Plan provides an opportunity to see how California public trust
law overlies SGMA. The SGMA Groundwater Plan drafting and ap-
proval process provides a key opportunity for fishing and conservation
organizations in every basin where groundwater extraction adversely
impacts surface flows and fisheries to press for provisions that give
effect to the public trust law obligations recognized in the ELF v. Sis-
kiyou County case.
Application of the public trust doctrine in addition to implemen-
tation of SGMA could enhance the legal obligations of groundwater
sustainability agencies in several ways. For example, California public
trust law calls for full protection of public trust resources whenever
feasible.'36 If it can be demonstrated that groundwater sustainability
132. Id. at 408.
133. See id. at 411 n.7.
134. Letter from Elizabeth Nielsen, Program Lead of Nat. Res., Flood Control and &
Water Conservation Dist., Cty. of Siskiyous, to Trevor Joseph, Sustainable Groundwater










136. See Nat'l Audubon Soc'y v. Superior Court, 658 P.2d 709, 728 (Cal. 1983).
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agencies can feasibly develop hydrologic models and water budgets
that account for the impacts of groundwater pumping on surface
flows and fisheries dependent on such surface flows, then an agency's
failure to factor these considerations into the hydrologic models and
water budgets in an SGMA Groundwater Plan may constitute a viola-
tion of California public trust law, independent of SGMA's
requirements.
As another example, if it can be demonstrated that it is feasible to
conduct seasonal surface stream monitoring of flows and tempera-
tures to track the impacts of groundwater pumping on fisheries, then
the failure of a groundwater sustainability agency to require such sea-
sonal surface stream monitoring in an SGMA Groundwater Plan may
also constitute a violation of California public trust law, independent
of SGMA's requirements.
Furthermore, if it can be demonstrated that it is feasible to adopt
thresholds for groundwater pumping that provide for full protection
of fisheries from the adverse impacts of groundwater pumping-in-
duced surface stream depletion, then the failure of a groundwater sus-
tainability agency to adopt such thresholds may constitute a violation
of California public trust law, independent of SGMA's requirements.
VI. Lessons for SGMA from the Scott River Basin and
Arizona
In developing approaches to address the groundwater and sur-
face water interaction in SGMA groundwater plans, groundwater sus-
tainability agencies and other stakeholders do not need to start from
scratch. There are other regulatory settings, both in California and
other states such as Arizona, in which provisions have been imple-
mented to help prevent groundwater pumping from reducing inter-
connected surface water flows and to protect fisheries dependent on
such flows. 13 7 An overview of how the groundwater-surface water con-
nection was handled in these non-SGMA regulatory settings may pro-
vide useful models for SGMA Groundwater Plans.
A. Scott River Basin
The Scott River Watershed is located in Northern California and
is a major tributary of the Klamath River. The Scott River Valley's pri-
137. Infra Part VI.B.
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mary land use is agriculture.3 8 It is a good case study for SGMA pur-
poses because, as Aaron Herbert noted in his 2016 study Impact to
Anadromous Fish Through Groundwater Extraction, the Scott River Basin's
water problems typify many of California's structural challenges in
managing water: an over-allocated and adjudicated surface water
system, an excess of groundwater pumping, the majority of flow
volume outside of the growing season, and special status anadro-
mous fish that require water just at the time it is most in demand by
people.'39
The Herbert study noted there is a strong surface-groundwater
interconnection in the Scott River, and it reported on how ground-
water pumping in the basin has affected surface flows and fisheries.
For instance, the study noted that in 2014, "the multi-year drought
combined with on-going water use to stand a major adult Coho
[salmon] run of 2,700 fish in disconnected pools along the Scott
River."1 4 0
Water rights to the Scott River were adjudicated in a 1980 court
decree.141 The scope of the court decree includes both surface and
interconnected groundwater, specifically: "(1) all surface water rights
in the Scott River stream system ... (2) all rights to supporting under-
flow and (3) all rights to ground water that is interconnected with the
Scott River . . . . "142 The 1980 decree was somewhat prescient in its
recognition of the interconnection between groundwater and surface
water. It defined "interconnected ground water" as "all ground water
so closely and freely connected with the surface flow of the Scott River
that any extraction of such groundwater causes a reduction in the sur-
face flow in the Scott River prior to the end of a current irrigation
season."143
The court decree allotted interconnected groundwater claimants
the "amount of water, by subirrigation or by pumping from ground
water interconnected with the Scott River, reasonably required to irri-
gate the acreage shown opposite their names."'4 It documented the
138. Laura Foglia et al., Modeling Guides Groundwater Management in a Basin with River-
Aquifer Interactions, 72 CAL. AGRIC. 84, 85 (2018) (stating that seventy percent of Scott River
Valley is used for agriculture).
139. Aaron Herbert, Impacts to Anadromous Fish Through Groundwater Extract 44
(May 20, 2016) (unpublished thesis, University of San Francisco) (on file with Gleeson
Library, University of San Francisco).
140. Id. at 46.
141. Scott River Adjudication, Decree No. 30662, Superior Court for Siskiyou County
(Jan. 30, 1980).
142. Id. at 2.
143. Id. at 3.
144. Id. at 6.
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location of existing and proposed wells or sumps and provided that
"[a]dditional wells or sumps may be constructed to augment irriga-
tion or to replace subirrigation but must be located at least 500 feet
from the Scott River or at the most distant point from the river on the
land that overlies the interconnected ground water, whichever is
less.""'5
Since the issuance of the 1980 court decree, the Herbert study
found that the number of wells outside of the designated "intercon-
nected groundwater" has grown steadily over time and groundwater
pumping greatly increased.146 It seems that an unintended conse-
quence of the adjudication of primarily surface water rights was to
increase the demand for groundwater.
The Herbert study also noted that the Scott River provides an
important habitat, including spawning and rearing habitat, for coho
(Onchorhynchus kisutch), fall-run Chinook salmon (Onchorhynchus
tschawytscha), and steelhead trout (Onchorynchus mykiss).147 A 2013 re-
port by the University of California, Davis concluded these fish need
adequate flows at low temperatures for spawning in the fall and rear-
ing in the summer.48 In 2014, the National Marine Fisheries Services
determined that surface water diversions and increased groundwater
extraction have contributed to a decline in suitable salmon habitat in
the Scott River Basin."'9
The western tributaries in the Scott River watershed, in particu-
lar, provide an important anadromous fish habitat. These tributaries
are characterized by a strong surface water and groundwater intercon-
nection, and as the Herbert study noted, are "likely highly sensitive to
surface diversions and groundwater extraction."5 0 It has been theo-
rized that groundwater pumping on these streams actually draws from
surface water, not groundwater based on the relatively stable levels of
groundwater storage despite an increase in pumping over the last
thirty years.'5 '
145. Id.
146. Herbert, supra note 139, at 41.
147. Id. at 43-44.
148. [AURA FOGLIA ET AL., Scorr VALLEY INTEGRATED HYDROLOGIC MODEL: DATA COL-
LECTION, ANALYSIS, AND WATER BUDGET FINAL REPORT 11 (2013), http://ground-
water.ucdavis.edu/files/165395.pdf [https://perma.cc/6BR5-6Q6G].
149. NAT'L MARINE FISHERIES SERV., FINAL RECOVERY PIAN FOR THE SOUTHERN OREGON/
NORTHERN CALIFORNIA COAST EVOLUTIONARY SIGNIFICANT UNIT OF COHO SALMON, 36-2 to
36-7 (2014).
150. HERBERT, supra note 139, at 43.
151. Id.
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Due to the conflicts between groundwater pumping and fisheries,
there have been several studies regarding the relationship between
groundwater and surface flow in the Scott River watershed-even
prior to SGMA and the requirements to describe the basin setting and
establish a hydrogeological conceptual model-including: the Her-
bert groundwater conditions study commissioned by the Karuk
Tribe,'152 the integrated hydrologic model developed by University of
California, Davis,15 3 and the water budget developed by Laura Foglia
and her colleagues.15 4 These efforts may be useful to groundwater sus-
tainability agencies preparing groundwater sustainability plans in ba-
sins that support cold-water fisheries.
In 2012, the Karuk Tribe commissioned Aaron Herbert to pre-
pare a high-resolution groundwater model of the Scott Valley for pur-
poses of characterizing valley-wide groundwater conditions and
ground and surface water interactions.15 5
The modeling analysis in the Herbert study found the following:
* Groundwater elevations in winter are minimally affected by
long-term pumping. Groundwater elevations in late summer/
early fall have been subject to declines on the order of a few
feet, depending on location.
* Groundwater declines from pumping tend to be greater in the
outlying areas of the basin including upland gulches; similarly,
groundwater elevation increases from recharge events may be
more pronounced in these areas.
* The Scott River and tributaries can be and have been impacted
by increased levels of groundwater pumping. These impacts,
termed stream depletion, involve a combination of a reduction
in gains to the stream from groundwater and increased seepage
losses from the stream to groundwater, depending on location
and time of year.
* Stream depletion can occur from pumping at any location
within the Scott Valley; however, the magnitude and timing of
impacts to the river or tributaries depends on the amount, du-
ration, location and depth of pumping.
* The model has been applied to generate a stream depletion
relationship for the existing basin-wide distribution of pumping
which shows that, in composite, increases in groundwater
pumping are connected to equivalent reductions in streamflow
within about five years, with the most impact occurring in the
first year or two.
152. See generally id.
153. FOGLIA ET AL., supra note 148, at 11-14.
154. See generally id.
155. Herbert, supra note 139, at 48.
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* Higher stream depletion impacts occur during the summer
than during the winter/early spring period, reflecting the sea-
sonal occurrence of irrigation pumping.
* The magnitude of stream depletion resulting from an increase
in groundwater pumping from partial build-out conditions to
recent conditions is consistent with the observed reduction in
baseflow of the Scott River over recent decades, adjusted to ac-
count for climate impacts.1 5 6
The findings in the Karuk Tribe study have implications for
SGMA Groundwater Plans in at least three important respects. First,
the findings reflect how groundwater pumping over an extended pe-
riod can transform a "gaining" to a "losing" stream/reach as the
groundwater table falls. Second, the findings reflect how the proxim-
ity of groundwater pumping well to streams can impact the effect of
the groundwater pumping on surface stream flows. Third, the find-
ings reflect the ways that seasonal grounding pumping during the
summer to meet irrigation needs can result in more acute adverse im-
pacts on surface stream flows. The study commissioned by the Karuk
Tribe demonstrates that it is feasible to develop a robust hydrologic
model and water budget that captures, quantifies, and analyzes all of
these interactions and impacts.
The utility of the model extends beyond just these findings and
can be used to evaluate alternative scenarios that reduce or prevent
the adverse effects of groundwater pumping and related effects on
fish, which would be considered an undesirable result for purposes of
SGMA.
The University of California, Davis Department of Land, Air, and
Water Resources undertook the second noteworthy study of ground-
water-surface water interactions in the Scott River Basin. 157 This 2013
publication, Scott Valley Integrated Hydrological Model: Data Collection,
Analysis and Water Budget ("2013 UC Davis Report"), was prepared as a
report for submission to the State Water Board and the North Coast
Regional Water Quality Control Board.15 8 It included
precipitation data analysis, streamflow analysis and modeling,
evapotranspiration data analysis and modeling, soils and ground-
water data assembly and analysis, landuse and topography data
analysis, and development and analysis of a soil water budget
model to estimate field-by-field daily pumping and groundwater
recharge in the Scott Valley for Water Years 1991-2011.159
156. See id.
157. See generally FOGLIA ET AL., supra note 148.
158. Id.
159. Id. at 17-18.
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The 2013 UC Davis Report developed methods to compensate for
incomplete data. Specifically, modelers addressed the incomplete data
on stream-groundwater interaction by performing a streamflow re-
gression analysis as part of their water budget which provided a basis
to estimate the monthly tributary inflows into the Scott Valley.1 60 The
2013 UC Davis Report concluded:
We are able to estimate tributary flows with a newly developed sta-
tistical model that takes advantage of the long time series at the Ft.
Jones streamflow gauging station immediately downstream from
Scott Valley . . . the synthetic dataset generated will be sufficient for pur-
poses of the integrated hydrological model. 61
The streanflow regression methodology relied upon in the 2013
UC Davis Report can be used by groundwater sustainability agencies
to address surface water streamflow impacts of groundwater pumping
in SGMA Groundwater Plans even when there is incomplete data.
This reliance is consistent with SGMA's requirement that water budg-
ets and hydrological models be based on the best science available
rather than forgoing such analysis altogether due to the absence of
some hypothetical complete set of complete data that does not exist.
Laura Foglia and her colleagues took this approach.162 They
found that initial notions of the Scott River Basin water budget were
mis-founded.163 Although groundwater recharge was initially pro-
posed to offset groundwater pumping and avoid streamflow deple-
tion, the model used in the Foglia paper (which included streamflow
regression analysis) showed a net drop in the groundwater table and a
net depletion of the streamflow over the course of a year: "Due to the
high streamflows during November through June . . . stream deple-
tion is here only of concern during the summer period. During that
period, existing winter and spring recharge is not sufficient to offset
summer groundwater pumping effects on stream depletion."1 64
The Foglia paper identified a "range of groundwater manage-
ment scenarios to broadly bracket options that can serve as catalyst to
direct stakeholder discussions, and to demonstrate the potential range
of beneficial impacts from groundwater management on stream de-
pletion."165 The scenarios included the following:
160. See id. at 35-38.
161. Id. at 96 (emphasis added).
162. See generally Laura Foglia et al., Coupling a Spatiotemporally Distributed Soil Water
Budget with Stream Depletion Functions to Inform Stakeholder-Driven Management of Groundwater
Dependent Ecosystems, 49 WATER RESOURCES REs. 7292 (2013).
163. See id.
164. Id. at 7305.
165. Id. at 7307-08.
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(1) Increased groundwater storage of winter and spring streamflow,
especially near the Scott River, may significantly decrease the
impact of the pumping season on streamflow depletion during
the critical summer period.
(2) Groundwater pumping effects in August and july could be further mit-
igated by transferring groundwater pumping in the most sensitive ar-
eas to wells that are some distance away from the Scott River. This
would require water trading and transport infrastructure . . . .
(3) Addressing uncertainty about the effective hydraulic conduc-
tivity between the stream and the aquifer due to geologic het-
erogeneity, due to geomorphologic complexity, and the
unknown complexity of the flow field between groundwater
and the stream is critical to better quantify actual stream de-
pletion impacts. We also found that the soil water budget sig-
nificantly overestimates currently reported farm irrigation
rates in center pivot and wheel-line sprinkler systems, possibly
due to significant, but unreported deficit irrigation. Sensitivity
analysis yields a measure of uncertainty. More importantly it
provides direction for critical field measurement programs
and the design of more complex hydrologic models for site-
specific assessment and feasibility studies of specific recharge
and pumping management projects.1 66
In terms of drafting SGMA Groundwater Plans, there are a num-
ber of lessons from the Foglia paper. First, placing winter and spring
surface stream flows in groundwater aquifers can raise the ground-
water table to decrease the impact of summer groundwater pumping
on stream depletion. Second, relocating groundwater wells further
away from interconnected surface streams may reduce the impacts of
groundwater pumping on stream depletion and fisheries. Third, there
are field measure programs that can be included as part of the model-
ing network in SGMA Groundwater Plans that will improve under-
standing of the effects of groundwater pumping on surface stream
depletion.
All three of the studies discussed above reached the same basic
conclusion-namely that groundwater pumping in the Scott River Ba-
sin can seasonally affect instream flows at a time when flow is needed
to support anadromous fisheries:
[T] he vast majority of wells in the Scott aquifer cause stream deple-
tion in a relatively short time frame in amounts approaching their
pumping rates. The materials between the well and stream affect
the timing and short-term magnitude of the depletion but appear
to suggest nearly of all of the aquifer materials are interconnected
to the Scott River.
166. Id. at 7308 (emphasis added).
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[N] early all of the groundwater in the Scott Valley aquifer is
'interconnected' with the surface water systems. The relatively shal-
low depth of the materials and their hydraulic conductivities facili-
tate stream depletion. The effects of more distant wells occur over
many years and for long periods of time within the year after
pumping has ceased. While these effects on anadromous fish are
lessened because they mostly cause stream depletion outside of the
low flow period, some portion of their depletion does occur during
the low flow period. The scale of stream depletion from ground-
water extraction, estimated between 16 cfs and 55 cfs during July
and August, is significantly less than 235 cfs allocated to the prior-
ity 1 users. Yet the use of both system[s] influences the other: if
surface water is unavailable, more groundwater is likely to be
pumped, causing less surface water to be available. While the scale
of total stream depletion from pumping is much less than the pri-
ority 1 allocation, the near equivalent overall estimated ground-
water and surface water use (-40,000-50,000 acre feet/year for
each) suggests the priority I allocation is often not met, surface
waters are too limited to divert, and therefore compensated for
with groundwater pumping. While groundwater extraction may
have lesser and slower impacts to the stream during the low flow
periods than direct surface water diversions, they are not mutually
exclusive actions in the Scott River watershed because not enough
surface water is available during the times it is needed.1 67
All three of these studies suggest hat anadromous fisheries in the
Scott River Basin are vulnerable to these incremental and cumulative
impacts of groundwater pumping:
The over-allocation of surface water creates a baseline of water
shortages that makes the Scott River susceptible to disconnection
during drought. The overall lack of storage in the watershed also
appears to cause a seasonal shift from surface waters to ground-
water in the summer. The nature of the aquifer materials means
that shift to groundwater pumping further reduces surface water,
even within the season. The preferred habitat of the Coho is also
those low gradient areas where the alluvial deposits built up over
time to create the aquifer. Some of the western tributaries that
have historically gone dry during droughts are intrinsically vulnera-
ble . . . to minor reductions in streamflow.1 68
Some of the modeling methodologies implemented and being re-
fined for the Scott River Basin may be instructive for groundwater sus-
tainability agencies conceptualizing their groundwater basins and
determining how pumping affects surface water flows and habitat
components that are inter-and intra-annually flow-dependent. Inter-
ested parties may also cite to these methodologies as a benchmark for
what constitutes best available science.
167. Herbert, supra note 139, at 53-54.
168. Id. at 55.
Issue 3] 507
UNIVERSITY OF SAN FRANCISCO LAW REVIEW
B. The Arizona Approach
Unlike California's State Water Board, the Arizona Department
of Water Resources has broad statutory authority to regulate ground-
water extraction as well as surface water diversions.169 Arizona
adopted certain approaches to interconnected groundwater-surface
water that may be instructive to the provisions in SGMA Groundwater
Plans pertaining to the effect of groundwater pumping on surface
water flows and fisheries.
There are three concepts used in Arizona that may provide par-
ticular guidance for SGMA implementation: the delineation of the
subflow zone,170 the cone of depression test, 171 and the use of set-
back lines for groundwater management.172
First, Arizona's regulation of groundwater extraction to prevent
surface flow depletion is based largely on the determination of what is
referred to as the "subflow zone."7 3 The subflow zone is the area adja-
cent to or near surface water where there is evidence suggesting that
groundwater extraction in this area is resulting in reduced surface
water flows.17 4 In Arizona, the subflow zone is also sometimes referred
to as the saturated floodplain Holocene alluvium.175 In its 2014 Revised
Subflow Delineation Report for the San Pedro River ("2014 Arizona Subflow
Report"), the Arizona Department of Water Resources noted that, in
addition to existing data correlating groundwater pumping and sur-
face stream depletion, the presence of riparian vegetation near sur-
face waters can help in determining the lateral extent of the subflow
zone.176
For instance, in terms of the San Pedro River Basin in Arizona,
the 2014 Subflow Report noted that willow trees and cottonwoods
have a shallow root structure and therefore often rely on shallow sub-
surface groundwater for survival.'7 7 The presence of such trees and
169. Much of the authority of the Arizona Department of Water Resource to regulate
groundwater stems from the authority granted to the state agency pursuant to Arizona's
1980 Groundwater Management Act. SeeJon L. Kyl, Arizona's New Groundwater Statute: 1980
Groundwater Management Act: Outline, 1981 WATER RESOURCES ALLOcATION: LAws & EMERG-
ING ISSUES: A SHORT COURSE (SUMMER CONF., June 8-11) 11.
170. See ARiz. DEP'T OF WATER RES., REVISED SUBFLOW ZONE DELINEATION REPORT FOR
THE SAN PEDRO RnVER 1-1 to 1-10 (2014).
171. See id.
172. See generally id.
173. Id. at 1-1.
174. Id. at 1-2.
175. Id. at 1-6.
176. Id. at 2-10.
177. See id. at 2-11.
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vegetation can thus be useful in mapping the subflow zone. In its con-
sideration of such riparian vegetation to map the subflow zone, the
Arizona Department of Water Resource used aerial photography from
the United States Department of Agriculture's 2010 Agricultural Im-
agery Program and satellite imagery from the 2013 World Imagery by
ESRI Corporation.78
The portions of the 2014 Arizona Subflow Report relating to trees
and vegetation, which rely on shallow groundwater, touch on the ef-
fects groundwater-dependent errestrial ecosystems.179 In January
2012, The Nature Conservancy published a comprehensive report on
this topic, titled Groundwater Dependent Ecosystems under the Sustainable
Groundwater Management Act: Guidance for Preparing Groundwater Sus-
tainability Plans.80 Although the question of how SGMA Groundwater
Plans should take account of groundwater pumping impacts on such
ecosystems is somewhat separate from this Article's focus on fish im-
pacts, it is a question that also merits close attention.
Second, Arizona's Department of Water Resources also regulates
groundwater pumping in areas outside of the subflow zones if there is
evidence that the groundwater wells' "cones of depression" reached
the subflow zone and wells appear to be impacting surface water
flows.18 Identification of the impacts of cones of depression on the
surface zone is therefore an additional basis to regulate groundwater
pumping in Arizona.
Third, the Arizona Department of Water Resources has adopted
specific numerical "set-back lines" to guide groundwater pumping re-
strictions based on available data, subflow zone mapping, and cones of
depression determinations.18 2 For example, in the San Pedro River
Basin, the department established 100-foot and 200-foot set-back lines
in reference to proximity to the San Pedro River.'83 Groundwater
wells located within the 100-foot set-back line were subject to more
stringent pumping restrictions, while groundwater wells located be-
tween the 100-foot and 200-foot set-back lines were subject to less
stringent pumping restrictions.8 4
178. Id. at 2-12.
179. See id. at 2-11 to 2-12.
180. THE NATURE CONSERVANCY, GROUNDWATER DEPENDENT ECOSYSTEMS UNDER THE
SUSTAINABLE GROUNDWATER MANAGEMENT AcT: GUIDANCE FOR PREPARING GROUNDWATER
SUSTAINABILITY PLANS (2018).
181. ARiz. DEP'T OF WATER RES., supra note 170, at 1-4.
182. Id. at 3-2.
183. Id. at 3-1.
184. See id. at 3-1 to 3-3.
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Arizona's approach may be instructive for SGMA Groundwater
Plans in three respects. First, Arizona's "subflow" test suggests that the
presence of above-ground trees and vegetation may provide an appro-
priate basis for determining within an SGMA Groundwater Plan
where groundwater wells are likely impacting surface flows and fisher-
ies. Second, Arizona's "cone of depression" criteria may provide an
appropriate basis for SGMA Groundwater Plan terms calling for relo-
cation of groundwater wells further away from surface streams. Third,
the types of set-back lines used in connection with Arizona's San Pe-
dro River basin could be incorporated into SGMA Groundwater Plans
to establish minimum thresholds, pumping restrictions, and monitor-
ing requirements for groundwater wells located different distances
from surface waters.
VII. The Relevance of SGMA Section 10727.2 to
Groundwater Extraction Impacts on Fisheries
SGMA Section 10727.2 provides the [GSP] may, "but is not re-
quired to, address undesirable results that occurred before, and have
not been corrected byJanuary 1, 2015."185 At this point, there is some
uncertainty as to how Section 10727.2 may affect the requirements of
SGMA Groundwater Plans as they pertain to the impact of ground-
water extraction on fisheries.
In considering the potential application of Section 10727.2 to the
fishery impacts discussed in this Article, there are at least three aspects
that seem pertinent.
First, as previously discussed, there are specific SGMA provisions
that require SGMA Groundwater Plans to include detailed water
budgets and hydrologic modeling that describe the current inflow
and outflow into the groundwater basins and the connection with sur-
face flows.1s6 The fact that such inflows and outflows between the
groundwater basin and interconnected surface waters may also have
been occurring prior to January 1, 2015 should not suggest that such
information can be excluded from the water budgets and hydrologic
models being prepared. To interpret Section 10727.2 in such a man-
ner would then result in incomplete and inaccurate water budgets
and hydrologic models in SGMA Groundwater Plans, which would be
a nonsensical approach.
185. CAL. WATER CODE § 10727.2 (West 2019).
186. See id.
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Second, some have referred to Section 10727.2 as a "grandfather-
ing" clause.187 The concept of "grandfathering" comes from land use
law and applies where an existing or historical land use is found to be
lawful even if the land use is contrary to current changes in zoning.'88
For instance, current zoning may prohibit industrial uses in a given
area, but a pre-existing industrial use may be grandfathered in as law-
ful if this use pre-dated the change in the zoning. The concept of
grandfathering does not seem applicable to SGMA because SGMA
does not deal with land use or even with water rights. Rather, SGMA
deals with the identification of undesirable results and the develop-
ment of an SGMA Groundwater Plan to avoid such undesirable re-
sults.189 SGMA's obligation to identify when groundwater extraction
has significant adverse impacts on fisheries, and SGMA's requirement
to develop and implement measures to avoid such impacts on fisher-
ies seem completely unrelated to any concept of grandfathering. To
interpret Section 10727.2 as grandfathering in existing and ongoing
harm to fisheries would eviscerate the provisions of SGMA that explic-
itly require SGMA Groundwater Plans to develop thresholds and miti-
gation techniques to avoid significant adverse impacts of groundwater
extraction on beneficial uses (which include fisheries) of surface
waters.
Third, some have referred to Section 10727.2 as establishing Jan-
uary 1, 2015 as baseline conditions for SGMA compliance purposes.19 0
The concept of baseline conditions stems from environmental im-
pacts assessment laws such as the California Environmental Quality
Act and the National Environmental Policy Act.' 9' Under such envi-
ronmental impact assessment laws, the significance of adverse envi-
ronmental impacts is determined by a comparison between existing
baseline conditions and the conditions that would occur as a result of
187. ALIDA CANTOR ET AL., NAVIGATING GROUNDWATER-SURFACE WATER INTERACTIONS
UNDER THE SUSTAINABLE GROUNDWATER MANAGEMENT AcT 25 (2018), https://www.law.
berkeley.edu/wp-content/uploads/2018/03/NavigatingGW-SW_Interactions
_underSGMA.pdf [https://perma.cc/275N-KNHZ].
188. Id. Grandfathering is "imposing a new land use restriction only prospectively ....
Grandfathering allows some landowners to maintain a use that others cannot begin." Holly
Dormeus, Takings and Transitions, 19 J. LAND USE & ENVTL. L. 1, 44 (2003).
189. See generally CANTOR ET AL., supra note 187, at 1.
190. MAURICE HALL & CHRISTINA BABBITT, ADDRESSING REGIONAL SURFACE WATER DE-
PLETIONS IN CALIFORNIA: A PROPOSED APPROACH FOR COMPLIANCE WITH THE SUSTAINABLE
GROUNDWATER MANAGEMENT ACT 3 (2018).
191. Paul Stanton Kibel, Sea Level Rise, Saltwater Intrusion and Endangered Fisheries-Shift-
ing Baselines for the Bay Delta Conservation Plan, 38 ENVIRONs 259, 270 (2015).
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the impacts of a proposed development project.192 Yet, SGMA does
not involve a new development project or the comparison of a new
development project to existing conditions. Rather, SGMA looks at
existing conditions (the actual inflow and outflow between a ground-
water basin and interconnected surface waters as reflected in the
water budget and hydrologic model) to determine if there are signifi-
cant adverse impacts on fisheries, and then it requires the adoption
and implementation of measures to avoid such adverse impacts on
fisheries. The concept of "baseline conditions" therefore seems inap-
plicable to the types of fishery impacts discussed in this Article.
So, what was Section 10727.2 meant to accomplish? It appears
that the legislature's thoughts behind Section 10727.2 focused on
problems related to groundwater tables that had already gone down
byJanuary 1, 2015, land subsidence that had already occurred by Jan-
uary 1, 2015, and perhaps groundwater aquifers that had completely
lost their connectivity to surface waters by January 1, 2015. Section
10727.2 can be understood and interpreted to clarify that SGMA
Groundwater Plans are not required to "turn back the clock" and
adopt thresholds or mitigation techniques to restore groundwater ta-
bles to historic levels, to reverse historical subsidence of land, or to re-
establish connectivity between aquifers and surface waters that were
completed unconnected as of January 1, 2015. That is, that SGMA is
not intended to remedy harms (undesirable results) that occurred
solely in the past. This reading and application of Section 10727.2 is
consistent with the remainder of SGMA, as it deals with conditions
that were caused by groundwater extraction actions occurring wholly
in the past (before January 1, 2015) rather than conditions that are
and will continue to be caused by current groundwater extraction
practices.
What does not seem coherent is interpreting Section 10727.2 to
validate current and ongoing groundwater extraction practices that
seasonally convert gaining streams into losing streams or that have
acute impacts on fisheries due to the tendency to reduce intercon-
nected surface water flows during those times of year when fish are
most dependent on such flows. For example, as is the case in the Scott
River Basin, what if intensive groundwater pumping in late summer
has for many years resulted in connected surface water flows deple-
tions that have damaged and continue to damage salmon? Does the
fact that such late summer groundwater pumping in the Scott River
192. Id. at 269.
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Basin pre-dated January 1, 2015 mean that the SGMA Groundwater
Plan for this basin should not adopt and implement measures to ad-
dress this problem going forward or exclude such information in the
water budgets and hydrologic models developed for the basin? These
are exactly the types of current groundwater extraction practices that
SGMA Groundwater Plans need to be able to document and address
going forward to prevent the continuation of significant adverse im-
pacts on fisheries. There is no indication that Section 10727.2 was in-
tended to result in the validation of such current and ongoing
groundwater extraction practices, and to do so would place Section
10727.2 directly at odds with much of the remainder of SGMA's re-
quirements and objectives.
VII. Conclusion: Giving Substance to the Connection
Through SGMA
In his 2002 report to the state water board, Professor Sax offered
the following observation about California water law:
Water underground may, at one place, or during one season,
seep into a river through its banks (a gaining river), and at another
place or time seep out from the banks into the underground (a
losing river). It all depends on whether the saturated area of the
ground is above or below the river bank at that point.
The categories that statutes and judicial opinions use, such as
"underflow," "subflow," "subterranean streams," and "percolating
groundwater," bear little if any relationship to these geological re-
alities. Indeed, these water law terms are geographic conceptions
fundamentally at odds with science's understanding of water's
movements.193
SGMA provides an opportunity to bring California's water regula-
tion into closer alignment with the geological realities noted by Pro-
fessor Sax. This can be accomplished by ensuring that the
implemented SGMA Groundwater Plans effectively prevent ground-
water extraction from resulting in surface water depletions and pre-
vent the adverse impacts on fisheries associated with reduced surface
water flows. In essence, SGMA Groundwater Plans are a regulatory
means to give effect to the guidance provided by the California Su-
preme Court more than a century ago in its 1909 Hudson v. Dailey
decision, to treat groundwater and surface water as a common supply
when groundwater is tributary to surface flows.1 9 4
193. SAX, supra note 27, at 2-3.
194. Hudson v. Dailey, 105 P. 748, 752-53 (Cal. 1909).
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The underlying approach to SGMA compliance set forth in this
Article is generally consistent with the approach taken in the August
2018 publication, Guide to Compliance with California's Sustainable
Groundwater Management Act: How to Avoid the Undesirable Result of Sig-
nificant and Unreasonable Adverse Impacts on Beneficial Uses of Surface
Water ("2018 Stanford SGMA Guide on Surface Water Impacts"), pre-
pared by Alletta Belin for Stanford University's Water in the West Pro-
gram and Stanford's Woods Institute for the Environment.195 The
2018 Stanford SGMA Guide on Surface Water Impacts proposes that
SGMA Groundwater Plans can approach groundwater extraction-sur-
face water flow interactions through the use of what can be under-
stood as traffic light categories.9 6 Under this recommended system,
for red light circumstances, "remedial action is likely required if it is
determined that groundwater diversions contribute to the harms
noted."19 7 For yellow light circumstances, "legal constraints could
limit either existing or new depletions of surface water" and "further
technical analysis should be undertaken."19 For green light circum-
stances, there is "no apparent risk of impermissible impacts on benefi-
cial uses of surface water" so long as the SGMA plan is able to
"maintain groundwater levels at or above January 1, 2015 levels."'9
This Article relates to the traffic light system set forth in the 2018
Stanford SGMA Guide on Surface Water Impacts in that the Article's
analysis and recommendations provide technical guidance on "how"
to determine if groundwater diversions are contributing to the harms
noted (in the "red light" category) and what type of "further technical
analysis" needs to be undertaken (for the "yellow light" category). In
terms of the "green light" category, this Article suggests that a simple
focus on maintaining groundwater levels may not be sufficient to com-
ply with SGMA because much of the harm caused by groundwater
pumping to fisheries concerns the times of year that such ground-
water pumping takes place. Additionally, adverse impacts on fisheries
can occur as a result of groundwater extractions effect on surface flow
temperatures, which long-term maintenance of the groundwater table
levels will not remedy. Therefore, when these temporal and tempera-
ture components are appreciated, beyond the green light categories'
call to maintain groundwater table levels, this Article maintains that
195. See BELIN, supra note 3.
196. See id. at 6.




SGMA Groundwater Plans also need to ensure that groundwater
pumping does not take place at times when resulting surface water
depletions harm fisheries in ways that cause surface stream tempera-
tures to rise above the tolerance of cold-water fisheries such as salmon
and steelhead.
With these fisheries impacts in mind, this Article has identified
six key takeaways that can help guide the drafting and implementa-
tion of SGMA Groundwater Plans:
(1) When dealing with the impacts of groundwater pumping on
surface flows that support fisheries, the necessary temporal
focus is on whether groundwater extractions impacting in-
stream flow take place at the particular times when fisheries
need certain levels of instream flow, not whether the ground-
water table can be maintained at an average "sustainable" or
"safe" level over the long-term.
(2) When it comes to the groundwater-surface water connection,
the lateral location of wells can matter. This is because pump-
ing groundwater wells often creates a cone of depression
around the wellhead, and this cone of depression can result
in aquifers that once contributed to surface waters becoming
aquifers that drain surface waters and reduce instream flows.
(3) Although the temperature of water in aquifers is not usually
relevant to determining safe yield or preventing overdraft,
such water temperatures may be relevant in terms of impacts
on fisheries and surface stream habitat. This is because many
fisheries (such as salmon and steelhead) require colder in-
stream temperatures, which can be affected by the tempera-
ture of groundwater that is tributary to surface streams that
support such fisheries.
(4) Although additional monitoring may provide useful data to
improve how SGMA Groundwater Plans can prevent adverse
impacts on surface flows and fisheries from groundwater
pumping, the absence of complete data is not a proper basis
for SGMA Groundwater Plans to omit the inclusion of sub-
stantive provisions to avoid and prevent such adverse impacts
until this monitoring takes place.
(5) When it comes to groundwater that is tributary to surface wa-
ters that support fisheries, SGMA Groundwater Plans need to
satisfy the requirements of California public trust law as well
as SGMA's requirements.
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(6) SGMA Groundwater Plans are subject to the review and ap-
proval of DWR. DWR can therefore play an important role in
ensuring that SGMA Groundwater Plans include water budg-
ets, hydrological models, quantitative thresholds, mitigation
measures, and monitoring to ensure that groundwater ex-
traction does not have significant adverse impacts on fisher-
ies. DWR can play this role by refusing to approve SGMA
Groundwater Plans that lack such components and
provisions.
